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WIND TUNNEL WINDOW STRUCTURE 
James O. Jackson, Crafton, Pa., assignor fo Pitts- 
burgh-Des Vloines Company, a corporation o£ 
Pennsylvania 
Application October 30, 1947, Serial No. 783,158 
14 Claires. (CI. 20--40) 
This invention relates to supersonic winoE tun- 
nels anoE more particularly to windows for such 
tunnels. These windows may be located within 
openings in any part of a winoE tunnêl where it 
is OEesired to observe lïow phenomena, but are 5 
usually locateoE in openings formeoE opposite one 
another in the test section sioEe walls and in line 
with the position at which the test mooEel is to 
be located. 
Such winoEows must be removable, since they l0 
are hot only useoE as winoEows through which to 
observe anoE photograph lïow phenomena around 
a test mooEel locateoE in the fiuioE stream trav- 
ersing the test section, but as a means of gaining 
access fo the interior of the test section for the 15 
Purpose of placing the test mooEels in position 
within anoE removing them from such test section. 
The inner faces of the sioEe walls of the test 
section of such a tunnel extenoE in parallel ver- 
tical planes and are formed of metallic plates 20 
joined together in a fiuid-tight manner. The 
inside surface of such walls in the test section 
is finished fo close tolerances by machining 
operations such as planing and/or milling and 
then polished to a high degree of smoothness, 25 
the particular degree depending on the elastic 
fluid used in the tunnel and the speed with which; 
such fiuid is to flow through the test sectior 
of the tunnel. 
The inner or tunnel face of both the window 30 
glass and the frame within which the glass is 
mounted, that is, the faces of the parts contacted 
by the fiuid flowing through the test section, 
must be sufficiently fiat and smooth and must 
so nearly approach the plane of the inner face 35 
of the test section side wall in which the window 
is mounted that any appreciable interference 
with the normal flow of such fiuid around the 
test model is avoided. 
One object of this invention is to produce a 40 
window structure for the test section of a super- 
sonic wind tunnel that is so smooth on the side 
with which the fiuid moving through the test 
section contacts that undesirable interference 
with the normal flow of such fiuid around the 45 
test model is avoided. 
Another object is to produce a wind tunnel 
window structure the inner face of which ma.v 
be aligned with the inner surface of the test 
section wa]l to such a degree of precision that 50 
the fiuid fiow through the test section will hot 
be affected. 
A further object is to produce a wind tulne] 
test section window comprising a window glass 
and frame which may be readily removed for 53 
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access to the model being tested and replaced 
without harmfully affecting the smoothnessand 
perfection of fit between the window ïrame and 
the inner surface of the test section side wall. 
These and other objects, I attain by means 
of the structure described in the specification 
and illustrated in the drawings accompanying 
and forming part of this application. 
In the drawings: 
Figure 1 is an outside view of a window 
bodying this invention secured in position within 
a window opening in a side wall of the est sec- 
tion of a wind tunnel; 
Fig. 2 is a view partially in section and par- 
tially in end elevation of the window oÏ Fig. 1, 
the sectioned part being taken on line II--II 
of Fig. 1; 
Fig. 3 is a detailed sectional view of a portion 
of the window of Figs. 1 and 2 and is taken on 
line III--III of Fig. 1; 
Fig. 4 is an enlarged fragmentary sectional 
view of a portion of the window and the tumel 
side wall of Fig. 1 and is taken on line IV--IV 
of Fig. 1, the window being shown bolted in 
position; and 
Fig. 5 iæ an enlarged fragmentary sectional 
view taken on line V V of Fig. 1. This view 
shows the window as it is being placed in or 
removed from position. 
10 represents a portion of the side wall of 
the test section of a wind tunnel. Such wall is 
formed of a number of metal plates preferably 
butt welded together in fluid-tight relation and 
having an inner surface II which is nished fo 
close tolerances by machining, such as by planing, 
milling or the like and then polished to a high 
degree of smoothness. Wall 10 is provided with 
a window opening which in this case is circular 
since the window disclosed herein is circular. 
The window may be of any shape and of course 
the window opening will be ruade fo correspond 
to the shape of the window. 
The window opening for a circular window 
as here employed may be firsç bored, then thë 
outer half of the wall is relieved as at I. The 
inner half I is accurately ground. The back 
of tunnel wall 10 surrounding the window open- 
ing is accurately machined as af I so that the 
plane of such surface parallels inner face I of 
the wall as closely as is possible. 
Vall I is drilled and tapped fo receive a 
circular row of equally spaced stud bolts I; 
the bolt circle being concentric with the circular 
edge of the window wa]l. IVfachined face I af 
the outside side f wall 10 is provided with an 
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annular groove 16 which is preferably rectan- 
gular in cross section. A resilient packing mem- 
ber |7, which, when uncompressed is generally 
triangular in cross section as shown in Fig. 5, is 
located within such groove and has its base 
secured to the bottom wall of such groove. 
The axes of stud bolts 5 parallel the axis of 
the cylinder defined by wall portion f3 of the 
window opening and are therefore perpendicular 
to the planes defined by inner surface ! ! of wall 
{} and the machined poltion 14 of the outer 
surface of such wall. 
In the circle deflmed by the axes of stud bolts 
|5, preferably three holes are drilled and tapped 
in wall |{} to receive three pilot Pins |ll. The 
axes of the pilot pins when connected by straight 
lines, derme an isosceles triangle having its base 
adjacent the top of the window and its apex at 
the lower center of the window frame. 
The pilot pins extend outwardly beyond the 
outer side of wall | {} approximate!y twice as far as 
stud bolts 15. These pilot pins throughout a 
considerable part of their length are tapered as 
shown in Fig. 5. 
The window 
The window of this invention comprises a rela- 
tively thick glass, aframe within which the g!ass 
is mounted and to which it s bonded by trans- 
parent cernent and a retainer for preventing 
movement of the glass because of pressures en- 
countered during operation .of the tunnel. 
Glass 9 of the window in the example chosen 
for fllustrating this invention Js 28.5" in diameter 
and 2.85" thick. The inner and outer faces num- 
bered 2{} and 2| respectively are optically ground 
and polished until the combined error at any 
place in such faces is no greater than one vave 
length of sodium light which is .about .000009". 
The major part of the outer edge 22 of the glass 
is rough ground and is perpendicular to .faces 2{} 
and 2. The inner corner is angled or beveled 
as disclosed at 23. This portion is also rough 
ground. 
WincIow /rame 
The window frame is a unitary or one-piece 
structure and comprises a main part 24, having 
an outer portion 25 and an inner portion 26. An 
outwardly extending circular flange 27 joins the 
main portion between the outer and inner por- 
tions 25 and 26. Inner portion 26 is provided 
with a cylindrical wall 28 which has a push fit 
with wall 3 of the window opening. Portion 26 
above cylindrical wall 28 is cut away or relieved 
as shown at 2{}. Flange 27 is drflled to receive 
studs |5 and pilot pins |8. 
Portion 26 opposite cylindrical wall 26 is pro- 
vided with a fiange 3{} which has an angled face 
3| corresponding to angled face 23 of glass {}. 
Inner face or wall 32, which extends from flange 
3{} to the outer end of portion 25, is so machined 
that it parallels cylindrical wall 8. The diam- 
eter of the opening surromded by wall 32 is about 
,i greateï than the diameter of window glass I{} 
so as to leave a space of about -_," between the 
peripheral edges of glass |9 and faces or walls 81 
and 2 of the window opening. 
As above pointed out, glass |9 is bonded to the 
window frame by transparent cernent, which in 
the drawings is numbered 33. 
A retainer ring 34 secured to the outer end of 
portion 25 by a cfl'cular row of cap screws 36 is 
formed with a cylindrical leg 3 which has a 
sliding fit with wall 32. A non-metallic annular 
washer-like member 6 preferably formed of hard 
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fibre is interposed between the inner face of 
cy!indri.cal leg 3 and the outer face 2| of glass 
|9. The thickness of washer 3 is such that when 
the cap screws 3 are tightened, the pressure 
5 exerted against face il of the glass will be such 
as to prevent any movement of the glass during 
pressure changes which occur within the wind 
turmel test section during operation of the tun- 
nel. Wl]ile the pressure exerted by cap screws 3{} 
l0 must be sufiïcient to prevent such movement, it 
must hot be great enough to cause failure of the 
 cernent bond between the glass and the window 
frame. 
tecause of the weight of the window and the 
15 close fit between the window frame and the wall 
of the window opening, the window while being 
placed in and removed from position is prefer- 
ably supported by an overhead crane. In order 
to attach the crane hook to the window, the win- 
20 dow frame at its top center is provided with a 
generally ç-shaped member 39 (Fig. 3) having 
a ring {} formed as a part hersof for egagement 
with the crane hook. in order to hold the v¢in- 
dow in vertical .position, ring {} is located in the 
25 vertical plane which includes the center of mass 
of the windowi The wndow frame at opposite 
sides is provided with handles 4| by me.ans of 
which the window can be manipulated and guided 
into position on pilot pins . 
30 The cylindrical portion of the pilot pins bas a 
suug fit within the holes fcrmed for their recep- 
tion in flange 2 ef the window frame whfle the 
holes for receiving stud bolts 5 are about " 
]arger in diameter than such stud bolts. The 
35 unequal sci.g of the pilot pins insures .that the 
same stud bolts wfll enter the same holes in flange 
2 each rime the window is replaced after having 
been removed. 
Face 4 . of the window frame is first ground 
40 smooth and after such grinding, it wfll probably 
not be closer to a true fiat surface than ïrom 
/2 fo 1 thousandths of an inch. After such 
grinding, face 42 is lapped against a surface plate 
using progressively finer abrasives until it is fiat 
5 within from 10 fo 30 millionths of an inch. 
Aïter face 4 of the window frame is thus 
finished, the following procedure is followed in 
mounting glass |{} within the window frame. A 
rhin sheet of aluminum foil is first spread evenly 
50 over the surface of a surface plate or table having 
the desh'ed degrce of fiatness. The window frame 
with glass  {} therein is lowered carefully onto the 
aluminum foil, making certain that no dust par- 
ticles are trapped either between the surface 22 
55 of the îrame, surface 2} of glass |9 and the 
aluminum foil or between the aluminum loti and 
the surface plate. Glass 9 is then adjusted 
within the frame so that the space surrounding 
the glass within the frame is uniform. 
.69 The glass and frame are then weighted to in- 
sure close contact between them and the foil on 
the surface plate. Po!ymerizing cernent is then 
pouïed and worked into the space between the 
g]ass and the window frame; care being taken 
65 to work out all air bubbles appearing in such 
cernent. This can be done with a piece of vire. 
I bave round that a cernent sold by Eastman 
Kodak Company under the designation H. E. 
'ïo. 2 is satisfactory. This cernent I believe is 
70 buty! methacrylate monomer containing a poly- 
merizing cata!yst. 
After this space hs been completely fiflled with 
bubb!e-free cernent, the assembly is gently 
warmed with heat lamps to accelerate polymer- 
75 ization of the cernent. When polymerization is 
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complete, fibre washer 35 is placed in position 
on face 2| of glass |9 and retainer ring 34 is se- 
cured in position by means of cap screws 3.6. The 
window is then removed from the surface plate 
with the aluminum foil adhering thereto, and in- 5 
verted. The aluminum foil is then shaved from 
the joint between the glass |9 and surface 
the window frame by means of a safety razor 
blade held fiat across such joint. 
10 
Mounting the window 
The window is next placed in position on stud 
bolts 5 and bolted tightly fo tunnel wall |{1 by 
means of nuts 43 which are threaded fo the outer 
ends of such stud bolts; washers 44 being inter- 15 
posed between such nuts and the inner face of 
fiange 
tlaving accurately aligned outer face 2{1 of glass 
9 with ïace 42 of the window frame, if becomes 
necessary fo align these surfaces or faces with 0 
ïace  of wall {1 of the test section side wall. 
This is difficult fo accomplish by maclining alone, 
but I bave round that suflïciently accurate align- 
ment can be obtained by removing enough from 
the outer side of side wall |{1 fo make the thick- 25 
ness of such side wall from surface 4 to inner 
surface   about .040"less than the distance from 
face 42 of the window frame fo inner face 
oï fiange 2. 
After the window frame is inserted and bolted 3o 
in position so that inner face 45 oï the fiange 
contacts face 4 of the cut-away portion of the 
side wall, face 42 oï the window frame will project 
beyond face  about .040". 
The actual projection adjacent each stud is 
next measured by means of a dial gauge fiat- 
ness comparator which indicates the actual offset 
in multiples of .0001" fo a precision of .0001". 
A circular brass ring 45 is provided for final as- 
sembly between fiange 27 of the window ïrame 
and surface 4 of the tunnel side wall. This 
brass ring in this example hasa thickness of 
.035". 
After measurements are ruade by means of the 
fiatness comparator, shlms are machined fo the 
exact thickness required or are assembled from 
stock of various thickness so that their aggre- 
gare thickness plus the thickness of such brass 
ring will be suflicient fo bring surfaces 42 and 2{1 
of the frame and glass respectively into 
ciently accurate alignment with inner îace 
of the test section side wall. These shims are an- 
nular and are placed over studs |5. After the 
required shims bave been assembled on the studs, 
brass ring 48 is placed on top of the shims; this 55 
brass ring having openings through which the 
studs pass. 
After the window bas been thus shimmed, 
may be removed leaving the circular brass ring 
in place which in turn prevents loss or rearrange- 
ment of any of the individual shims. The win- 
dow may, therefore, be removed and replaced 
without affecting the fit on the inside of the tun- 
nel wall when the stud bolts are tightened. 
The volume of material in triangular gasket 
is such, with relation fo the volumetric capacity 
of groove 5, that when fiange 2 is bolted tight 
against the brass ring and shim assembly, gasket 
  near]y fil]s but does not overfl]l groove  . The 
gasket, therefore, will hOt affect the fit of the 7O 
ndow frame nor the alignment of surfaces |, 
42 and 2{}. 
By using my construction as above described, 
bave been able fo obtain alignment of surfaces 
 , 4- and 2{i, which are in contact with the fiuid 75 

6 
stream with such a degree of precision that the 
offsets if any are hOt measurable with precision 
dial gauge and micrometer equipment. 
What I claire is: 
1. The combination with a wind tunnel wall 
provided with un opening and a fiat smooth inner 
surface surrounding such opening, of means for 
c]osing such opening; such means comprising 
relatively thick glass having its inner and outer 
faces located in parallel planes and a frame sur- 
rounding such glass and fo which the saine is 
secured; such frame having a glass surrounding 
portion adapted fo project into such wall opening 
beyond the inner surface of such tunnel wall and 
having ifs tunnel-side face fiat and located in 
the saine plane as the inner or tunnel-side face 
of such glass, means for adjusting such frame 
fo bring the tunnel-side face of that portion 
thereof projecting into such wall opening into 
the plane of the inner face of the tunnel wall 
immediately surrounding such opening, and 
means for removably securing such frame in 
justed position. 
2. The combination with a wind tunnel wall 
provided with 
fiat, smooth inner surface surrounding such 
opening, of means for closing such opening; such 
means comprising a relative]y thick glass hav- 
ng ifs inner and outer faces located in parallel 
olanes and a frame surrounding such glass and 
to which the saine is secured; such frame hav- 
iug an annular g]ass surrounding portion adapted 
fo project into and through such oDening a dis- 
tance beyond the inner surface of such tunnel 
wall and having ifs tunnel-side face fiat and lo- 
cted in the saine plane as the inner or tunnel- 
side face of such glass, means ïor adjusting such 
frame fo bring the tunnel-side face of that por- 
tion thereof located within such wall opening into 
the plane of the inner surface of the tunnel wall 
mmedia.tely surrounding such opening, and 
means for removably securing such frame in 
justed Dosition. 
3. The combination with a wall of a wind tun- 
nel provided with a circu]ar opening and a fiat, 
smooth inner surface surrounding such opening, 
of removable rneans for closing such opening; 
such rnean.s cornprising a re]ative]y thick circular 
glass having its inner and outer faces located in 
para]le] planes, the major part of its edge lying 
normal to such planes and having an angled cor- 
ner af its inner edge, and a unitary ïrame sur- 
rounding such glass, and adapted fo project into 
sch opening beyond the plane of the inner face 
of the surrounding tunnel wall and away from 
such plane to, a poin:t beyond the outer face of 
such glass and having a surrounding fiange be- 
tween ifs inner and outer ends, a circular series 
of studs secured to such tunnel val] and passing 
through openings in such flange, means for ad- 
justing such frame fo bring the tunnel-side face 
of that portion thereoï projecting into such open- 
ing into the plane of the inner face of the tunnel 
wall immediately surrounding such opening, and 
means for removab]y securing such frame in ad- 
justed position. 
4. The combination with a wall of a wind tun- 
nel provided with a circular opening and a fiat, 
smooth inner surface surrounding such opening, 
of removable means for closing such opening; 
such means comprisLug a re]atively thick circular 
g]ass hareng its inner and outer faces located in 
paraliel planes, the major part of its edge lying 
normal to such planes and having an angled 
corner at its inner edge, and 'a utary frame sur- 
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rounding such glass and adapted to ,project into 
such opening beyond the plane oï the inner face 
of the surrounding tunnel wall and away from 
such plane to a point beyond the outer face of 
such glass and having a surrounding flange be- 
tween its inner and outer ends, a circular sertes 
of studs secured fo such tunnel wall and passing 
through openings in such flange, a packing be- 
tween such studs and the wall of such opening, 
and means for adjusting such frame to bring the 
tunnel-side face of that portion thereof project- 
ing into such opening into the plane of the in- 
ner face of the tunnel wall immediately sur- 
rounding such opening, and means for remov- 
ably securing such frame in adjusted position. 
5. The combination with a wind tunnel wall 
provided with an opening and having a fiat, 
smooth inner surface surrounding such opening, 
of means for closing such opening; such means 
comprising a relatively thick glass having its in- 
ner and outer faces located in parallel planes 
and a frame surrounding such glass; such frame 
having a glass surrounding portion ada.pted to 
project into and through such opening a distance 
beyond the inner surface of such titane! wall and 
having its tunnel-side face fiat and smooth and 
located in the same plane as the inner îace of 
such glass, a layer of transparent cernent bond- 
ing such glass to such fra_me, means for adjust- 
ing such frame to bring the tunnel-side face of 
that portion thereof within such opening into the 
plane of the inner surface of the tunnel wall im- 
mediate!y surrounding such opening» and stud 
bolts secured to such tunnel wall for removably 
securing such frame in adjusted position. 
6. The combination with a wind tunnel wa!l 
provided with an opening and a fiat smooth in- 
ner surface surrounding such opening, of means 
for closing such opening; such meuns comprL.- 
ing a relatively thick glass having ifs inner and 
outer faces located in parallel planes and a uni- 
tary or one-piece frame surrounding such glass; 
such Drame having a glass surrounding portion 
adapted fo project into such opening and having 
ils tunnel-side face fiat, smooth and located in the 
same plane as the inner face of such g!ass, means 
bonding the edges of such glass fo such frame, 
means for adjusting such frame to bring thc 
tunnel-side face of that portion thereof projecting 
into .such opening into the plane of the inner ïace 
of the tunnel wall immediately surrounding such 
opening, and means for removably securing such 
frame in adjusted position. 
7. The combination with a wind tunnel side 
wall provided with an opening and a fiat smooth 
inner surface surrounding such opening, oï means 
for closing such opening; such means compris- 
ing a relatively thick glass having its inner and 
outer faces located in parallel planes and aframe 
surrounding such glass; such frame having a glass 
surrounding portion adapted to project into such 
opening and having its tunnel-side face fiat and 
located in the same plane as the inner face of 
such glass, means bonding such glass to such 
frame, glass retainer means secured to such frame 
and overlying a marginal portion of the outer 
face of such glass, a non-metallic gaskeç inter- 
posed betveen such retainer and such outer face, 
means for adjusting such frame to bring the tun- 
nel-side face of that portion thereof projecting 
into such opening into the plane of the inner 
face of the tunnel wall immediately surrounding 
stch opening, and means for removably secur- 
ing such frame in a6.justed position. 
8. The combination with a wind tunnel side 
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wall provided with a circular opening and having 
a fiat smooth inner surface surrounding such 
opening, of means for closing such opening; such 
means comprising a relatively thick circular glass 
5 having its inner and outer faces located in paral- 
lel planes, the major part of its edge lying nor- 
mal to such planes and having an angled corner 
at its inner edge, and aframe for such glass; 
such frame having an annular g]ass surrounding 
]0 portion adapted to project into such opening and 
having its tunnel-side face fiat and located in 
the same plane as the inner face of such glass, 
means bonding such glass to such annuIar frame 
portion, glass retainer means secured to the 
]5 outer end oî such annuIar frame portion and 
overlying a marginal portion of the outer face 
of such glass, a non-metallic gasket interposed 
between such retainer and such outer face, means 
or adjusting such frame to bring the tunnel- 
20 side face of that portion thereof projecting into 
such opening into the plane oî the inner face 
of the tunnel wall immediately surrounding such 
opening, and means for removably securing such 
frame in adjusted position. 
25 9. The combination with a wind tunnel wall 
provided with a circular opening and having a 
fiat smooth inner surface surrounding such open- 
ing, of means for closing such opening; such 
means comprising a relatively thick glass having 
0 its inner and outer faces located in parallel 
planes, the major part of its edge normal to such 
planes and having an angled corner at its inner 
edge, and a one-piece ïrame having an annular 
portion surrounding such glass and extending 
25 into such opening; such frame having its glass 
surrounding wall paralleling the edge and angled 
corner of such glass and its tunnel-side end fiat 
and located in the same plane as the inner face 
of such glass, a layer of cernent bonding such 
4O glass to such frame, rneans supplementing such 
cernent and comprising an annular non-metallic 
member bearing on the outer face of such glass 
opposite such angled corner, a retainer secured 
to the outer end of such frame and bearing on 
45 such annular non-metallic member, means for 
adjusting such frame to bring the tunnel-side 
end of that portion thereof extending into such 
opening into the plane of the inner face of the 
tunnel wall immediately surrounding such open- 
5O ing, and means for removably securing such 
frame in adjusted position. 
10. A structure as defined in claim 3, in com- 
bination with an annular gasket located between 
such circular sertes of studs and such circuIar 
55 opening and bearing on the tunnel wall and the 
tunnel-side face of the flange portion of the 
frame for sealing the joint between the frame 
and the tunnel wall. 
11. In a method of making a closure structure 
60 for a window opening in a wall of a fiuid duct 
or tunnel; such closure structure comprising a 
relatively thick glass and a frame surrounding 
such glass, fo which such glass fs tobe bonded 
and in which the fiuid duct-sides of such glass 
5 and frame must lie in the same plane; the steps 
which comprise, removing dust particles from the 
upper surface of a surface plate which fs some- 
what larger than the largest dimension of such 
frame, laying on such plate foil-like material 
7O having ifs surface-plate face free from dust, re- 
moving dust particles from the exposed face of 
such fofl-like material, lowering such frame into 
contact with such foil-like material frame with 
the tunnel-side face thereof contacting such foil- 
75 like material, removing dust from at least the 
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tunnel-side of such glass and then lowering the 
glass into such position within such frame as 
to provide a substantially uniform opening be- 
tween the outside edge of such glass and the 
inside edge of such frame; placing a weight on 
such glass and such frame sufficient to assure 
contact between such glass and frame and such 
foil-like material, filling the space between such 
glass and frame with liquid bonding material, 
hardening such bonding material, and then re- 
moving the foil-like material adhering to the 
tunnel side face of such closure structure. 
12. In a method of making a closure structure 
for a window opening in a wall of a wind tunnel; 
such closure comprising a relatively thick glass 
and aframe surrounding such glass, to which 
such glass is bonded and in which the wind- 
tunnel sides of such glass and frame must lie 
in the saine plane; the steps which comprise re- 
moving dust particles from the upper surface of 
a surface plate, laying foil-like material on such 
surface plate, lowering such frame into contact 
with such foil-like material with the tunnel-side 
face thereof contacting such material, lowering 
such glass into such position within such frame 
as to provide a substantially uniform opening 
between the outside edge of such glass and the 
inside edge of such frame, holding such glass and 
frame in contact with such foil-like material, 
filling the space between such glass and frame 
with liquid bonding material, hardening such 
bonding material and removing the foil-like ma- 
terial adhering to the tunnel-side face of such 
closure structure. 
13. In a method of making a closure structure 
for a window opening in a wall of a fiuid duct or 
tunnel, such closure structure comprising a rela- 
tively thick glass and aframe surrounding such 
glass, to which such glass is bonded and in which 
the fiuid duct or tunnel-sides of such glass and 
frame must lie in the saine plane; the steps which 
comprise removing dust particles from the upper 
surface of a surface plate, laying on such plate 
foil-like material, removing dust particles from 
the exposed face of such foll-like material, low- 
ering such frame into contact with such foil-like 
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material with the tunnel-side face thereof con- 
tacting such material, removing dust particles 
from such glass and lowering the same into po- 
sition within such frame and into contact with 
5 such foil-like material, filling the space between 
such glass and frame with liquid bonding ma- 
terial, hardening such bonding material and then 
removing the foil-like material adhering to the 
tunnel-side face of such closure structure. 
10 14. A structure as dened in claire 1, in which 
the means for removably securing the frame 
in adjusted position comprises a circular row 
of stud bolts threaded into tapped holes in 
the tunnel wall around the wall opening and 
]5 which pass through holes provided for their re- 
ception in the frame, and nuts which are thread- 
ed onto the outer ends of such stud bolts; and 
in which the means for adjusting the frame to 
brLug the tunnel-side face of that portion thereof 
20 projecting into such wall opening into the plane 
of the inner faceof the tunnel wall immediately 
surrounding such opening comprises at least one 
annular metallic washer surrounding each of 
such ,tud bolts and a metal ring which bas open- 
25 ings therein for each such stud bolt and which 
retains such washers in place when the window 
frame is removed. 
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